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I. PROGRAM ORTECTIVES - PHASE I 

Phase I is concerned with three tj;pes of switchgear fo r  appl ica t icn  i n  

space nuclear e l e c t r i c a l  systems. 

purposes of inves t iga t ion  and technology development as: 

These three  devices have been typ i f ied  f o r  

1. Main AC Ci rcu i t  Breaker (1000 vol ts ,  600 ampere, 2000 cycles, 

t h ree  phase) 

2. Engine Contactor (10 KV, 10 amperes, DC) 

3. Main DC Ci rcu i t  Breaker (100 vol ts ,  10,000 amperes, DC) 

Objective environments f o r  operation are: 

1. Pressure - down to T o r r  

2. Temperature - up t o  lOOO'F 

3. Radiation - up t o  l O I 5  f a s t  neutrons/cm 2 

up t o  lo9 rads-gamma 

accumulated over a 20,000 hour l i f e .  Objective survival  environment f o r  shock, 

vibrat ion,  and accelerat ion is  compatibility with the C-1B launch vehicle. 

The approach selected i n  the proposal f o r  device i t e m  1 and 2 above i s  

tha t  of modifying General Electric Company's vacuum in t e r rup te r  t o  make i t  

su i t ab le  fo r  these extended environments. The approach t en ta t ive ly  selected 

i n  the proposal f o r  device i t e m  3 above i s  t h a t  of a high pressure gas 

in t e r rup te r  . 
The spec i f i c  object ives  of Phase I are present ly  iden t i f i ed  as follows: 

1. Conduct combined l i terature  search and appl icat ion study to:  

a )  

b) 

confirm o r  modify approach se lec t ions  

obtain ava i lab le  data  on probable temperature e f f e c t s  on 

in te r rupt ion  approaches 

obtain ava i lab le  data on probable rad ia t ion  e f f e c t s  on c )  

in te r rupt ion  approaches 
- 1 -  



d) obtain available data  pertaining t o  materials select ion 

e )  ident i fy  missing data  required t o  confirm and support 

f e a s i b i l i t y  of design approaches 

f )  es tab l i sh  device design requirements 

Conduct material  and other preliminary tests t o  f i l l  i n  c r i t i c a l  

da ta  gaps i n  materials behavior and in te r rupt ion  phenomena. The 

c r i t i c a l  area presently ident i f ied is  the  t e s t ing  of selected 

contact mater ia ls  fo r  welding propert ies  i n  vacuum-at the elevated 

temperature. 

2. 

3. Conduct simplified f u l l  scale interrupt ion capabi l i ty  tests for  the  

AC c i r c u i t  breakers a t  2000 cycles and a t  room temperature and 1000%’. 

4. Conduct simplified f u l l  scale in te r rupt ion  capabi l i ty  tests for  the 

DC engine contactor at room temperature and 1 O O o o F .  

Develop conceptual designs fo r  each of the  three devices. 

From the s tudies  and t e s t s  confirm the general f e a s i b i l i t y  of the 

concepfual designs. 

5. 

6. 

7. Prepare a schedule of work fo r  detai led design, fabrication, and 

t e s t ing  of the Main AC c i r cu i t  breakers and DC engine contactor for  

Phase 11. 
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11. GENERALSUMMARY 

A. A Program Review w a s  held i n  the Advanced Technology Laboratories 

i n  Schenectady by Messrs. H. Schumacher and E.A. Koutnik, Contract 

Management Technical 'personnel from . the  NASA-Lewis Research 

Center on April 15 and 16. Others present w e r e :  

R.N. Edwards SPPS - G.E. 

H.E. Nicoll SPPS - G.E. 

J.P. Hanna ATL - G.E. 

L. J. Goldberg ATL - G.E. 

G.W. Kessler ATL - G.E. 

E.F. Travis ATL - G.E. 

B. The DC interrupt ion test w i l l  be conducted i n  the  Power Transmission 

Division - Philadelphia Laboratories Operation i n  conjunction with 

the AC test. 

1. 

This decision w a s  based on the  following; 

Equipment w a s  i n  place and i n  operation i n  the Switchgear 

Laboratory fo r  1OKV-20 ampere interrupt ion tests. 

2 .  The necessary instrumentation i s  available.  

3. Personnel trained i n  the performance of these DC interrupt ion 

tests w i l l  be assigned t o  the  task. 

C. The materials tes t ing  equipment w i l l  be used f o r  the  DC interrupt ion 

tests and with modification for the  AC tests. 

D. The contact mater ia ls  t o  be  t es ted  f o r  possible contact welding and 

fo r  interrupt ion charac te r i s t ics  w i l l  be l imited t o  pure tungsten 

and molybdenum. The t i m e  schedule fo r  the  procurement of contact 

material made of tungsten impregnated with copper may d i c t a t e  t ha t  
1 
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tests of t h i s  mater ia l  be deferred t o  Phase 11. 

made t o  obtain the material f o r  l imited tests during Phase I. 

An e f f o r t  i s  being 

E. Preliminary tests have been conducted with the  materials weld t e s t ing  

f a c i l i t y .  

h a v e  been measured during the  test runs. 

Contact temperatures of 625 C and a vacuum of 10'6Torr 

F. Due t o  a change i n  the  organization of t he  Advanced Technology 

Laboratories, E.F. Travis i s  now manager of t h i s  pro jec t  replacing 

J.P.  H a n n a  who has increased managerial r e spons ib i l f t i e s  i n  the 

Electrical Engineering Laboratory. M r .  Hanna w i l l  s t i l l  be act ively 

supervising the  pro jec t  and w i l l  be avai lable  f o r  consultation. 

The revised PERT diagram included a t  the end of t h i s  report  represents  

the  present plans. The changes r e s u l t  from the  following decisions: 

G. 

1. To de le t e  both the AC and DC in te r rupt ion  tests of a 

comerc ia l  contactor with molybdenum contacts.  The da ta  

on molybdenum w i l l  be obtained during materials tests i n  

ATL and during the in te r rupt ion  t e s t  a t  t he  Switchgear 

Development Laboratory. 

2. To obtain suf f ic ien t  contacts  p r i o r  t o  the mater ia l s  tests 

t o  provide contacts fo r  the in te r rupt ion  t e s t .  

3. To conduct the DC in te r rupt ion  tests i n  conjunction with 

the AC interrupt ion test a t  t h e  Switchgear Development 

Laboratory. 

4. To use the materials test equipment fo r  t he  DC in te r rupt ion  

t e s t  and f o r  the  AC in te r rupt ion  test with some modifications 
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111. SWITCHGEAR REQUIREMENTS AND APPROACHES 

A. Objective and Approach 

Conduct a combined l i t e r a t u r e  search and appl icat ion study t o  - 
1. 

2. 

3. 

4 .  

5. 

6 .  

Confirm o r  modify approach se lec t ions  

Obtain ava i lab le  data  on probable temperature e f f e c t s  on 

in te r rupt ion  approaches 

Obtain avai lable  data  on probable rad ia t ion  e f f e c t s  on in te r rupt ion  

appro aches 

Obtain avai lable  data  per ta ining t o  in te r rupt ion  mater ia ls  

select ion 

Ident i fy  missing data  required t o  confirm and support f e a s i b i l i t y  

of design qiproaches 

Establ ish device design requirements 

B. Current Quarter 's  Work 

No s igni f icant  work was performed during t h i s  quarter.  Work 

w i l l  be resumed a f t e r  the t e s t  program has furnished da ta  i n  t h i s  

area.  
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IV. DEVICE DESIGN 

A. Objective and Approach 

The objective of this part of the work is to produce 

conceptual designs of the three interrupters - 
1. Main AC Circuit Breaker 1000 VAC 36 600 A 2000 cps 

2. Engine Contactor 10000 VDC 10 A 

3. Main DC Circuit Breaker 100 VDC 10000 A 

All of these will be designed to meet the environment of - 
Temperature-- loo@ F 

Life--20,000 hrs. 

Vacuum- - Torr 

Radiation-- 1015 fast neutrons/cm 2 

9 10 Rads-gama 

Shock, vibration, and acceleration--compatible with CIB 

Launch Vehicle 

Work is to include consideration of both hermetically-sealed, 

gas filled conventional and open flexural actuator approaches. 

B. Established Requirements 

The following general requirements for the operating mechanism 

have been established: 

1. For the a-c breaker: 

Electrode diameter: 1 inch approximately 

Gap: 

Operating force: 25 to 50 lbs. (50 used presently) 

Free travel of impact opening: 

presently ) 

1/8 to 1/2 inch (1/4 is being used in present sketches) 

1/16 to 1/8 inch (1/8 used 
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Speed of t rave l  a t  moment of contact: 

(40 used presently) 

20 t o  80 inches/sec. 

2. For the 10 kv, 10 ampere d-c contactor: 

Electrode diameter: 

Gap: 1/4 inch approximately 

Operating force: 10 t o  20 lbs. 

Free t rave l  of impact opening: 

Speed of t ravel :  

1 /2  t o  3/4 inch 

1/16 t o  118 inch 

20 t o  80 inches/sec. 

3. For the  100 v, 10,000 ampere d-c contactor: 

Electrode diameter: 4 t o  5 inches (probably i n  a gas) 

Gap : 1/4 inch approximately 

Cperatirlg fcrce: hrldreds ef I b s .  

Free t r ave l  of impact opening: 

Speed of t ravel :  

These may have to  be tempered with experience. 

1/16 t o  1/8 inch 

10 t o  40 inches/sec. 

C. Current Quarter's Work 

No s igni f icant  work was performed during t h i s  quarter. Work 

w i l l  be resumed a f t e r  the test program has furnished more data. 
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v. TESTING 

A. Objective and Approach 

Provide test f a c i l i t i e s ,  plans, and execution for  the following: 

1. Conduct material  and other preliminary tests t o  f i l l  i n  c r i t i c a l  

da ta  gaps i n  materials behavior and interrupt ion phenomena. 

The c r i t i c a l  area presently ident i f ied  is the  t e s t ing  of 

selected contact materials fo r  welding properties i n  vacuum at 

the elevated temper at ure . 
2. Conduct simplified f u l l  scale  interrupt ion capabi l i ty  tests f o r  

the AC c i r c u i t  breakers a t  60 and 2000 cycles and a t  room 

temperature and 1000% (5380 C) measuring the recovery character- 

istics and chopping level. 

3. Conduct simplified f u l l  scale  interrupt ion capabi l i ty  tests fo r  

the Dc engine contactor a t  room temperature and 1000% measuring 

the recovery charac te r i s t ics  and chopping level. 

The general approach i n  es tabl ishing the  above test f a c i l i t i e s  

i s  t o  locate  exis t ing equipment tha t  would require the minimum of 

modification t o  perform the work required. 

B. AC Interrupt ion Equipment 

The preliminary test a t  the G.E. Switchgear Development 

Laboratories, rdported i n  the l a s t  quarterly report, showed tha t  the 

equipment was sat isfactory f o r  the AC interrupt ion tests. 

t h i s  f a c i l i t y  w i l l  be used fo r  the  interrupt ion tes t ing  on this 

project.  

Therefore 
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C. DC Interrupt ion T e s t  

The planning fo r  the DC in te r rupt ion  test f a c i l i t y  has been 

changed. Instead of modifying equipment i n  ATL, the t e s t  w i l l  be 

conducted i n  t h e  Switchgear Development Laboratories on equipment 

now i n  operation. 

capacitor bank tha t  can be charged as high as 20 KV. 

ampere discharge r a t e  the current leve l  w i l l  decrease 2 amperes i n  

12  milliseconds. The necessary timing equipment, instrumentation 

and t ra ined personnel are avai lable  for  the  project  DC in te r rupt ion  

test. 

This equipment cons is t s  of a 250 microfarad 

A t  a 22 

D. Contact Weld T e s t  Equipment 

The weld test equipment cons is t s  of the  following: 

The alumina-Kovar gold-copper brazed vacuum envelope. 

A fixed and movable electrode w i t h  contact t i p s  t ha t  can be 

removed and replaced. 

A bellows assembly t o  provide f o r  the  movement of themovable 

electrode. 

1. 

2. 

3. 

4. A contact heater  made of nickel s t r i p .  

5. An actuator  fo r  the  movable contact. 

6. Vacuum pumping equipment, interconnections and measurement 

equipment. 

A sect ional  oven t o  provide the high ambient tempelrature of 

45OoC. 

7. 

A l l  of the  above equipment with the  exception of t he  temperature 

recording equipment, ion pump power supply and the  mechanical fore .  

pump i s  assembled on a small wheel-table f o r  po r t ab i l i t y .  

- 9 -  



The alumina-kovar vacuum assembly i s  shown at (B) i n  Figure 

V-1.  The top and bottom s ta in less  s t e e l  flanges (A) and (C) are 

iner t -gas  welded t o  the kovar spinnings a t  each end of the gold- 

copper brazed assembly. 

assembly a re  the e l ec t r i ca l  connections t o  the heater t o  induce the 

desired contact temperature, 65OoC. 

The two flanges a t  the  center of the 

Figure V-2 i s  the fixed electrode brazed t o  the top vacuum 

flange cover. A copper gasket i s  used between t h i s  cover and the 

top flange of the vacuum envelope. The end (C) of the  s t a in l e s s  

steel electrode (B) has a 5 degree taper. The contact material  t o  

be tes ted i s  brazed t o  a mild steel cap (D) which has a corresponding 

in t e rna l  5 degree taper. The contact material and cap are pressed 

on the electrode fo r  a measured dis tance along the  electrode axes 

t o  assure good electrical and thermal conductivity. 

between the shoulder on the electrode and the  edge of the  steel cap 

i s  gaged a f t e r  f inger  pressing the  cap on the electrode. 

measured gap i s  then decreased by 0.015 inch 

on the electrode. 

steel electrode with increased temperature fur ther  tends t o  increase 

the  bond between the cap and electrode. 

The space 

This 

by pressing the cap 

The greater  thermal expansion of the  s t a in l e s s  

Figure V-3 shows the  pa r t s  fo r  the bellows assembly used t o  

A l l  of permit the movement of the bottom electrode and contact. 

the  p a r t s  a re  i n e r t  gas welded except the electrode which is  gold- 

copper brazed t o  par t  (D). The completed assembly ready f o r  

welding t o  the bottom cover flange i s  shown at  (E). 

The p a r t s  of the contact heater are  shown i n  Figure V-4. The 

s t r i p  heater is made of 0.005 inch th ick  nickel A. The nickel 
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s t r i p  is i n e r t  gas welded t o  the  nickel contact bars (B) and (C) 

and one end of each of the contact bars  is welded t o  one of the 

center  flanges of the alumina-lcovar vacuum envelope. 

AC currents  a s  high as  200 amperes can be used i n  the heater 

s t r i p  t o  provide the temperature d i f f e r e n t i a l  between the  oven 

ambient 45OoC and the estimated contact temperature of 65OoC. 

a preliminary test a curreric ot 125 amperes provided a contact 

temperature of 610 C. 

I n  

0 

The contact actuator ,  Figure V-7,includes a 60 cps solenoid 

(A) t o  furnish the  closing force, a "caged" contact pressure spring 

(B) and a spring t o  counter-balance the  atmospheric pressure on the  

beiiows (Cj. 

The "cage" of t h e  contact pressure spring i s  adjustable  t o  vary 

t h e  contact pressure. Figure V-6 shows the  pressure versus d i s -  

placement, i.e., decrease i n  length. This spring i s  "caged" t o  

give a contact p re s su re  of 20 l b s  a t  the  in s t an t  of contact make 

and increases t o  28 pounds during the remaining actuator  t r ave l  of 

1/8 inch. 

Figure V-5 shows the va r i a t ion  i n  pressure with compression of 

the balance spring. The i n i t i a l  force t o  counter balance the  

atmospheric pressure i s  15 pounds and the  1/4 inch movement of t he  

contacts  increases the force t o  20 pounds. This addi t ional  5 lbs.  

subt rac ts  from the caged spring force resu l t ing  i n  a contact pressure 

of 23 lbs .  

The o r ig ina l  vacuum pumping equipment consisted of a sorpt ion 

pump and an ion pump. During the debugging tests it w a s  found t h a t  
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considerable time was required t o  "pump down" and i n  some cases 

the sorption pump would saturate. 

a mechanical fore pump and l iquid nitrogenvapor t rap has been 

added. The section of the G.E. sorption pump connected t o  the 

l iquid nitrogen t rap is  separated from the main pumping section and 

is  f i l l e d  with zeolite.  

prevents the back vaporization of o i l  vapors from the mechanical 

Pump- 

To reduce the '5ump down" t i m e  

This section is a vapor t rap and fur ther  

The oven for  providing the bake-out temperature of 45OOC i s  

made of sections of low density marrinite. 

are  attached t o  the two sides of the oven. 

removed from the test set-up. 

The 5 KW oven heaters 

The oven can be completely 

The complete system was pumped down and baked out a t  300 C 

including the ion pump. 

and the oven temperature was increased t o  45OoC, the top l i m i t  fo r  

the vacuum valve. 

tabulated i n  Figure V-8. 

The ion pump was then isolated from oven 

The data recorded during the 450% bake-out i s  

The temperature of the contact t i p s  was raised above the oven 

temperature by the N i c k e l  heater i n  the vacuum envelope. 

contact temperature reached was 625OC because a leak i n  the vacuum 

system developed and the test was terminated. 

The maximum 
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